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Catalyst composition and absorbent which contain an anionic clay 

The invention relates to a catalyst composition for converting hydrocarbon feeds, which composition 
contdns a catalytically active material, a sulphur oxides binding material and a matrix material. 
Hydrocarbons are generally converted catalyticaliy In a process in which the hydrocarison feed is brought 
into contact with fluidized catalyst particles under appropriate conditic»is in a reaction zone. In the process 

5 the catalyst particles are gradually deacBvated in that as byproduct coke is fonned which precipitates on 
the catalyst particles. The (parfially) deacHvated catalyst particles are removed from the reaction zone, freed 
from volaQle components in a stripping zone, subsequently passed to a regeneration zone and, following 
their regeneration by combustion of the cote with an oxygen-containing gas, fed bade to the reaction zone. 
The combustion of the coke in the regeneration zone is attended with the fonmatton of sulphur oxides from 

to sulphur which is present in the coke and originates from sulphuroontaining compounds in the hydrocarbon 
feed. The emission of the sulphur oxides contained in the flue gases from the regenerator is undesirable 
from a point of view of environmental protection and may be controlled by adding a suitable sulphur oxides 
absorbent which nriay be regenerated themnaliy or chemically and may fonn part of the catalyst composi* 
tion, 

IS Use is generally made of metal oxides v^ich in the regeneration zone react with the sulphur oxides to iorm 
non-volafile inorganic sulphur compounds. In the reaction zone and in the stripping zone these sulphur 
compounds are subsequently converted under the influence of hydrocarbons and steam to recover metal 
oxides and to form a hydrogen sulphide-containing gas. Rnaliy, the hydrogen sulphide-containing gas may 
be processed in a conventional manner, for instance by the Glaus process. 

20 in addition to sulphur-containing compounds hydrocarbon feeds often hold metal-containing compounds. 
During the conversion of the hydrocarbons the metals from these compounds, such as nickel and 
vanadium, may precipitate on the catalyst particies and very much contribute to the deactivation of ttie 
catalyst 

European Patent Application B^-A 0 045 t70 describes a catalyst composition in which, for the purpose 

25 of reducing the emission of sulphur oxides, spinel-containing entities are present along with pafiides wHibh 
serve to convert hydrocarbons. It has now been found that as compared with the results obtained with the 
compositions according to EP-A 0 045 170 improved results are obtained when an anionic ciay is used as 
the sulphur osddes binding material. Accordingly, the catalyst composition to which the invention relates is 
characterized in that the sulphur oxides binding material contains an anionic clay. It appears that the 

30 present catalyst composition is not only excellently suitable for use in the conversion of hydrocariaons with 
attended minimization of the emission of sulphur oxides, but is satisfactorily resistant to deactivation and a 
reduction of selectivity caused by the precipitation of metals from the hydrocarbon feeds on the catalyst 
particies. The present catalyst composition is therefore particuiarly suitable for the converston of heavy 
sulphur-and metal-containing hydrocarbon feeds. 

36 It should be added that US Patent Specification 4 497 902 describes a catalyst composition consisting 
of a physical mixture of particles containing a zeoliticany crystalline alumino siDcate in a porous-matrix, and 
sulphur oxides binding particles comprising MgAlzOi and/or mixtures of alumina and magnesium oxide in 
combination with at least a free or bound rare earth metal selected from the group consisting of lanthanum, 
cerium, praseodymium samarium and dysprosium. 

40 U.S. Patent Specification 4 206 039 relates to a process for catalytically cracking hydrocarbons in which the 
sulphur oddes formed in the regenerator are absorbed by particles containing a rare earth metal or 
compound thereof and an inorganic oxide such as silica and alumina 

U.S. Patent Specification 4 465 588 relates to the cracking of high metals content hydrocarbon feeds with a 
catalytic cracking composition containing a cracking catalyst and a diluent comprising a magnestum- 
45 containing clay in combination or not with a heat resistant compound. The magnesium-containing clay may 
be attapulgite, sepiolite. hectorite or chrysotile. 

US 4 458 026 discloses the use of thermally treated anionic clay as an improved catalyst for the 
conversion of acetone into mesityl oxide and isophorone, and for the aldol condensation of other carbonyl- 
containing compounds. 

50 Tlie anionic clay in the catalyst composition according to the invention has a crystal structure which 
consists of positively charged layers, columns, etc., between which are anions and water molecules, and 
which are built up of specific combinations of metal hydroxides. Depending on their crystallographic 
structure these clays are divided into various groups, such as the pynsaurite-sjdgrenite-hydrotalcite group, 
the hydrocalumite group and the ettringite group. 

In the pyroaurite-sj5grenite-hydrotalcite group the brucite-iike main layers built up of octahedra altemate 



with interlayers rn which water molecules and anions, more particulariy carbonate ions, are distributed 
among the cavities t^etween the octahedra. Among the natural minerals are pyroaurite, hydrotaldte, sdchfite. 
reevesite, eardleyite, sjogrenite, mannaserte and barbertonite. The main layers of these and many other, 
generally synthetic, members of the group are bwtt up of specific combinaSons of metal hydroxides derived 

6 from on the one hand divalent cations of metals such as Zn, Mn, Fe. Co, Ni, Cu and in particular Mg and on 
the other from trivalent cations of metals such as Mn, i=e. Co. ^G, Cr and in particular Ai. Altemativeiy. 
monovalent and trivalent metal cations may be combined in the form of, for instance, lithium and aluminium 
cations in IAI,U(OH)J*A%bHaO (see Clays and Clay Minerals. 30, pp. 180-184. 1882). The interlayers 
contain anions such as NO,", OH" Cl", Br", f, SOj" , SiO|- , CrO^- , HPO J" , MnOf, 

10 HGaOg" . ^04* , ClOr, BOl" . monocarboxylates such as acetate, dicarboxyiatBs such as 
oxalate, aikyi sulphonates such as lauryl suiphonate and in pffitcutar CO3* 

Hydrocalumrte and related synthetic compounds also have a layered structure in which positwely 
charged main layers attemate with interlayers containing anions and water. The main layers are built up 
from specific combinations of metal hydroxides derived from on the one hand dhralent calcium cations and 

75 on the other from trivalent cations of metals such as iron, more particularly aluminium. The interlayers 
contain anions such as OH", SO^" , Cf, NO3'* and in particular CO3" 

In the ettringite group the crystal structures are based on pc^itively charged columns between which 
occur channels containing anions and sometimes also water molecules. The columns are composed of 
specific combinations of metai hydroxides derived from on the one hand divalent cations of metals such as 

20 Sr and in particular Ca and on the other trivalent cations of metals such as Ti, Cr. Mn, Fe. Ga and in 
particular Al. Instead of trivalent cations the crystal lattice may contain quadrivalent siiicium cations. 
The natural minerals of this group comprise ettringite, thaumasHe, jouravsidtB despujolsHs, schaurtelte and 
fieischerite. 

A detailed description of the pyroaurite-sjogrenite-hydratelcitB group, the hydrocalumiie group and tiie 
25 ettringite group is given in MIn. Mag. 39. 377-389 (1973). 

The anionic day in tt)e catalyst composition according to the invention preferably has a layered 
structure corresponding to the general formula 



[MfNf (0H)2m + 2n] A^"^- b HgO 

wherein M^*^ and N^"^ represent di-and trivalent cations, respectively, m and n have a value such that m^ 
= 1 to 6 and a has the value 1. 2 or 3, and A represents a mono-, di-or trivalent anion and b has a value in 
the range of from 0 to 10. generally a value of 2 to 6 and often a value of about 4. It is preferred that m/n 
should have a value of 2 to 4, more particulariy a value practically of 3. 

Suitable divalent M2* cations are Mg2*, Ca2*. Sr^*. Be?*, Zn^*. Mn2*. Fe2*. C02*, Ni^"^. Cu2* and 
combinations thereof. Preference is given to Mg^"^ and Ca2+ . 

Suitable trivalent N3* cations are A|3*. Mns*, FeS*, Co3*, NP*, Crs*. Qas*. B3*. trivalent rare earfl^ metal 
cations such as La^* and Ce^* and combinations thereof. Preferred is AP*. combined or not witti La^* 
and/or Ce^*. 

Suitable A^anions are NO,"'. Oh". Cl" Br" f.JSOr . SOT . SiO|" , CRO4 , HPO|^ . 
MnOr, HGaOg" , HVOj" . CIO*". B0|" . monocarboxylates, such as acetate, dicarboxylates. 
such as oxalate, alkyi sulphonates, such as lauryl suiphonate, and combinations tiiereof. Prefenred are 
COi" .NOa. S05" and oh" 

Examples are: IMg,i=ea(OH)»] CO, • 4H,0. [Mg^MOH).J ca • 4H,0. [Mg.Cr,(OH)ui] CO3 • 4H,0, 
[NiJ=e,(OH) J CO, • 4H,0. [Ni.Alj(OH) J CO, • 4H,0, Fe4Fe,(0H)d CO, • 3H,0, [Ca^(OH).J (OH)o.75 (CO,)- 
0.1s • 2,5H,0. tCa,AI(OH).] OH • 6H,0. [Ca^(OH)g] OH • 3H,0, [Ca^(OH).] OH • 2H2O. [Ca,AI(OH).] OH, 
ICa,AI(OH)s] Cl • 2H,0. [Ca,AI(OH)»J QJS CO, • 2J5 HJO, ICa^(OH)J 0.5 S0« • 3H,0, [CaaFe(OH)J 0.5 SO* 

• 3H,0. [(Ni,Zn),AI,(OH) J CO, • 4H,0, [Mg*(Ni.Fe),(OH)«] (OH), • 2H,0. [Mg.AWOH)«] (OH), • 4HA [- 
(Mg,Zn,)AI,(OH) J CO, • 4H,0. [Mg.Ai,(0H) J SO* • xH,0. [Mg^,(OH)«] (NO,), • xH,0. [Zn,Al,(OH)„] CO, • 
xH,0, [Cu.AI,(OH)«] CO, • xH,0, [Cu.AMOH)tf]SO* • xH,0 and rMn<Ai2(0H)«]C0, • xH,0, wherein x has a 
value of from 1 to 6. 

The preparation of anionic days is described in many prior art publications, particular reference being 
made to 

- U.S. Patent Specification No. 4 458 026 

• Acta Acad. Aboensis Math. Phys., Vil, 3 (1933) 
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- Helv. Chrm. Acta. 25, 106-1 37.and 555-569 (1942) 

- J. Am. Ceram. Soo. 42, no. 3, 121 (1959) 

- Chemistry Letters (Japan)^ 843 (1973) 

- Clays and Clay Minerals, 23» 369 (1975) 
5 - Clays and Clay Minerals, 2&» 50 (1980) 

* Clays and Clay Mtnerais, 34. 507 (1986) 

- Materials Chemistry and Physics, 14, 569 (1986). 

Upon being heated, anionic clays will generally decompose readily to some extent Hydrotalcite 
[Mg«Al2(0H),JC03 • 4HA for instance, begins to lose water from the interlayers in the crystal lattice 

70 already at a temperature betow 200''C and carbon dimde and water from dehydroxyiation reactions will 
escape at a temperature in the range of 250*" to 450''C. Both decomposition steps are reversible. At higher 
temperatures, such as those used in calcining steps and in hydrocarbon conversion operations, decomposi- 
tion may even go furth^ and be of an irreversible nature. Although the structure of the ensuing 
decomposition products is unicnown, their capacity to bind sulphur oxides is excellent Since such 

IS decompositions may take place during the preparation of the present catalyst compositions and/or during 
their use a prefenred embodiment of the catalyst composition according to the invention resides in that the 
sulphur oxides binding material contains the anionic clay in a heat treated fonm, said heat treatment 
comprising the step of heating anionic clay-containing material at a temperature in the range of from about 
300"* to about 9Q0''C. It has been found that optimum results are obtained when the heat treatment is 

20 applied to an anionic day^^ntaining material which at least also contains a matrix material in which the 
anionic clay is embedded. 

Main constituente of the sulphur oxides binding material in the catalyst composition according to Ihe 
invention are the anionic day and optionally a matrix material. It is preferred that the sulphur oxides binding 
material should also contain one or more rare earth metels or compounds thereof in an amount of 
25 preferably 0,05 to 25, more particuiariy 1 to 15 and preferably 7 to 12 per cent by weight calculated as the 
total amount of rare earth metal(s) based on the anionic day. Pretened rare earth metals are cerium and/or 
lanthanum in the free or in the bound form. 

The rare earth metals m^ be taken up into the sulphur oxides binding material by copredpitation of 
compounds of these metals during the preparation of the anionic clay. Altemativeiy, the anionic clay may be 
30 impregnated preferably with an aqueous solution containing rare earth metal compounds in an amount of, 
say, 3 to 30 per cent by weight Another altemathfe consiste in that the anionic day is first embedded in a 
matrix and subsequently impregnated or that use is made of a matrix material which already conteins rare 
earth metals or compounds thereof. 

The rare earth metals cause the stability of the sulphur oxides, binding material to increase. Such is 
35 particuiariy the case if these metals have been included in the anionic clay itself by copreciprtation or 
impregnation. Moreover, the rare earth metals act as promoter for the conversion of the undesirable 
combustion product 802 formed in the regeneration of the catalyst SO2 is oxidized into SO3 which forms 
adducts with the sulphur oxides binding material that display greater thermal stebility than those formed 
wlthSO*. 

40 In addition to or instead of said rare earth metels the catelyst compo^on may contsun other oxidation 
promoters. Particularly suitable are noble metals or compounds thereof falling within group VIII of the 
pertodic system, such as Pt Pd, Ir, Rh, Os and Ru. Also suitable are Or and Cu and compounds thereot It 
is pretended that use should be made of 0,1-100 ppm. more particuiariy 0,1-50 ppm. of a noble metel of 
group VIIL The most preference is given to the use in the catelyst composition of 0,1 to 10 ppm of platinum 

45 or palladium. Said metals may be applied to the ready catalyst i>articies in a known manner, such as by 
impregnation with an appropriate salt solution, or be added to the catalyst composition in the form of 
separate particles which consist of, say. platinum on alumina. Or these metals may be incorporated into the 
sulphur oxides binding material in a way similar to that for the previously mentioned rare earth metals. 
As cateiytically active material are used porous materials having acid properties. They may be 

50 amorphous materials, such as amorphous alumina silicate, ft is preferred that use should be made of 
zeoDtic, crystalline aiumino silicates, particuiariy those having a pore diameter of 0,3-1,5 nm. Examples 
thereof are synthetic faujasites such as X and Y zeolites and further 2SM-5. ZSM-11, ZSM-12, 2SM-22 and 
hydrothermaliy and/or chemically modified zeolites. It is prefened that use should be made of the type Y 
zeolites and hydmtherm^y and/or chemically modified versions thereof, such as ultrastable zeolites, which 

55 are described^ among other places, in US 3 293 192. US 3 506 400 and NL 7 604 264 and in Society of 
Chemical Engineering (London). Monograph Molecular Sieves, p. 186 (1968) by C.V. McDaniel and P.K. 
Maher. 

In order that the required catalytic action may be obtained the cations of these zeolites, which are generally 



prepared in the sodium form, should be exchanged. For this ion exchange use is often made of solutions 
containing rare earth metal ions and/or ammonium ions or hydrogen ions. The exchange is generally 
continued until the zeoltes and the ready catalyst contain less than 4% by weight, and preferably less than 

0,5% by weight of sodium. 

As examples of well-known matrix materials suitable for embedding catelytically active material, more 
particularly zeolitic crystalline alumino silicates, may be mentioned silica, alumina, magnesia, arconia, boria, 
aluminium chlorohydrol and mixtures tiiereof. Prefened are dllca, silica-alumina and alumina. 

In addition to the catalytically active material and the sulphur oxides binding material oHier components 
may be incorporated Into the matrix material. As examples tiiereof may be mentioned non-anionic days 
such as kaolin, bentonlte clays as described in U.S. Patent Specifications 3 252 757. 3 252 889 and 3 743 
594. montmorillonite. etc. 

To Increase the octane number of the gasoline fraction produced alumina particles as described in U.S. 
Patent Specification 4 182 693 may be incorporated into tiie catalyst composition. 

Furttier, tiie catalyst composition may contain usual amounts of one or more passivators, such as 
antimony, tin. etc. They serve to prevent excessh/e formation of hydrogen during the converston of the 
hydrocarbons. 

The various components of the catalyst particles may be combined in a manner known in itself. 
Suitable metiiods of preparation are described, among ottier places. In U.S. Patent Spedficafions 3 609 103 
and 3 676 330. For instance, the various components may already be combined witii ttie matrix material 
whan this material is in the gelled state. Msc proper mixing tiie catalyst particles are obtained by spray- 
drying. Altematively, tiie components may be added to a matrix material in the form of a sol. This sol binder 
may subsequentiy be caused to gel prior to or during spray-drying. This latter embodiment is prefen-ed in 
ttiat it results in particles having a relatively high density. Apparent densities of over 0.5 g/ml, preferably of 
over 0.7 g/ml are simple to realize. 

The size of ttie particles may range between wide limits. In a prefened embodiment tiie particle size is so 
chosen that ttie partides are fluidizable. The particles flien measure, for instance, of from 20 to 150 
microns, preferably 40 to 90 microns. 

Practical ways of performing ttie above-discussed heat treatment of anionic clay-containing materials 

are. for example: 

i) heating (caldning) anionic day particles as such; 

il) heating (cakdnlng) partides comprising the anionic clay embedded in a matrix material; 
ill) adding anionic day-containing partides to the catalyst Inventory of a cracking unit under normal 
operating conditions. These or Tike steps may, of course, be combined. 

In a preferred embodiment of tiie present invention ttie catelytically active material and ttie sulphur 
oxides binding material are collectively present In tiie matrix. 

In anottier preferred embodiment of ttie present invention tiie catalytically active material is physically 
separated from ttie sulphur oxides binding material by composing flie catalyst of: 

a) catalytically partides comprising ttie catalytically active m.aterial embedded in matrix material; 

b) partides of sulphur oxides binding material comprising tiie anionic clay embedded or not in matrix 
material. 

The two embodiments will be successively described below. 

When the catelytically active material and ttie sulphur oxides binding material are collectively incor- 
porated in a mabix. tine sulphur oxides binding material generally consists of anionic day particles wittiout 
separate carrier, since tiie matrix functions as such. 

In ttiis embodiment the catalyst composition contains anionic day in an 'amount of 0,1 to 50. preferably 1 to 
* 30. and more particulariy 3 to 15 per cent by weight, based on ttie total catalyst composition. Furttier, ttie 
catalytically active material, more particulariy tiie zeolitic material, is present in an amount which will 
generally be higher according as ttie feeds to be cracked are heavier and will generally be in ttie range of 5 
to SO, more particularly 10 to 30 per cent by weight, based on the total catalyst composition. 
The anionte day is preferably promoted wrth rare eartti metals, more particulariy cerium, in a previously 
indicated manner. 

The catalytically active material is preferably a zeolitically crystalRne alumino silicate, more particulariy a 
type Y zeolite or an ultrastable zeolite exchanged witti rare earth metals and/or ammonium ions or hydrogen 
ions. 

Preferred matrix materials are siKca. silica-alumina or alumina, which can best be caused to gel during 
spray-drying. 



It is preferred that the catalyst composition should contain an oxidation promoting metal, more particularly 
0,1 to 10 ppm of platinum or palladium. 

in a second preferred embodiment the catalyst is composed of. 

a) cataiyticdlly active pariicies comprising the catalyticaiiy active material embedded in matrix 
5 material; 

b) particles of sulphur oxides binding material comprising the anionic clay embedded or not in matrix 
material. 

This embodiment according to the invention has the advantage that the amount of sulphur oxides 
binding material to be added can simply be adapted to the hydrocarbon feed to be processed. It is 

10 preienred that the anionic clay should be embedded in a matrix material in order to obtain particles of the 
density, attrition resistance and particle size envisaged. Very suit^ie is a physical mixture containing: 

a) catalyticaiiy active particles comprising 5 to 80. preferably 10 to 40 per cent by weight of 
catalyticaiiy active material, 0 to 60, preferably 20 to 50 per cent by weight of non-anionic clay, and 5 to 90, 
preferably 10 to 30 per cent by weight of matrix material; 

75 b) particles of sulphur c»ddes binding material comprising 1 to 89. preferably 20 to 80 and more 

partlculariy 40 to 70 per cent by weight of anionic clay. 0 to 70 per cent by weight of non-anionic clay and 1 
to 99. preferably 5 to 60, more particularly 8 to 20 per cent by weight of matrix material. It is prefened that 
the sulphur oxides binding material and particularly the anionic clay therein should be promoted with rare 
earth metals, such as cerium and/or lanthanum, preferably cerium, in the previously indicated manner. A 

20 prefenred catalyticaiiy active material is a zeolKic. crystalline alumino silicate, more particularly a type Y 
zeolite or an uttrastable zeolite exchanged with rare earth metals and/or ammonium ions or hydrogen ions. 
A preferred matrix material to be used in both types of particles is silica, silica-alumina or alumina, which 
can best be caused to gel during spnay«drying. 

It is prefenred that one or both types of particles of the mixture should contain a noble metal of group Vlll of 

25 the periodic systam. It is prefenred that use should t^e made of platinum or palladium in an amount of 0,1 to 
10 ppm. based on the mixture. 

The two types of particles may be given different diameters. For instance, the catalyticaiiy active 
particles may have a diameter ran^ng from 60 to 125 micnsns and the particles of sulphur oxides binding 
material a diameter ranging from 30 to 75 microns. It is prefenred that the particle size distributions of the 

30 two types of particles should be approximately the same. 

To increase tiie octane number of the gasoline product fraction of a feed to be cracked in all 40 and 
preferably 1 to 15 per cent by weight of aluminium oxide particles may be incorponseted in the catalyst 
composition. If the catalyst composition consists of a mixture of catalyticaiiy active particles and particles of 
sulphur oxides binding material, tiie alumina particles may be incorporated in both types of particles. 

35 The invention also relates to an absoriDent for sulphur oxides, which absorbent may be used for treating 
sulphur oxides*containing gases such as flue gases resulting from combustion processes, for instance flue 
gases from tiie regenerator of an FCC plant The absori^ent which may be in tiie form of fluidizabie 
particles, extrudates, beads, pellets etc., contains 1 to 99, preferably 20 to 80 and more particularly 40 to 70 
per cent by weight of anionic clay, 0 to 70 per cent by weight of non-anionic clay and 1 to 99, preferably 5 

40 to 60, more particulariy 8 to 20 per cent by weight of matrix material. The anionic clay, the non-anionic day 
and the matrix material have tiie afore-described composition or preferred composition. 
The absorbent may^be regenerated by using hydrogen, in which process tiie bound sulphur oxides are 
converted into a hydrogen sulphide-containing gas. The atssorbent may be used as additive in combination 
with a catalyst for the purpose of converting hydrocariDon feeds. Such a combination results, of course, in a 

45 catalyst composition according to the invention. 

The catalyst composition according to the invention is suitable to be used in processes for the 
conversion of hydrocarbons, and particularly in an FCC process for cracking high-boiling hydrocarbons in 
low-boiling hydrocarbons, such as LPQ, gasoline and diesel oil (LCD). 

Examples of suitable hydrocarbon feeds are those mentioned in "Fluid catalytic cracking with zeolite 
50 catalysts'* by P.B. Venuto and E.T. Habib jr. in Chemical Industries, Chapter 6. Series No. 1 , published by 
Marcel Dekker Inc., New Yoric, 1979. 

Many hydrocariDon feedstocks have a boiling range of up to over 480'*C. a density higher than 900 kg/m^ 
and a Conradson carbon content of over 1%. An example of such a feed is vacuum gas oil having a boiling 
range of 30O''-60O**C, mbced or not witii sulphur and metal-contaning residues, such as an atmospheric 
55 residue. 

The hydrocarbon feedstocks generally contain variable amounts of sulphur. The catalyst composition 
according to the invention is suitable notably for cracking sulphur-containing hydrocarbon feeds. i.e. feeds 
containing at least 0.001 and preferably more tiian 0,01. more particularly more than 0.1 up to over 5 per 
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cent by weight of sulphur. 

In addition to sulphur hydrocarbon feeds often contain metals fron, vanadium, nickel, copper, etc.) in an 
amount higher than 0,1 ppm, more particularly higher than 1 ppm. Heavy residual hydrocarbon fractions 
may contain more than 100 ppm of metals. The present catalyst composition displays satisfactory 

5 resistance to deactivaiion caused by metals contained in the hydrocarbon feeds. 
• Catalytic craddng of feeds is generally conducted at a temperature in the range of 375' to 650*C. more 

particularly 460'* to 560^C. The pressure applied is generally between atmospheric pressure and a pressure 
of 7 atmospheres, more particularly between 1 and 3 atmospheres. Oxidative regeneration of the catalyst 
composition with oxygen-containing gas is generally carried out at 540* to 825«C. more particulariy 700* to 

10 750*^0 and in the presence of steam. 



Example 1 

75 in this Example the preparation of several anionic clays is described. 



Preparation of clays having a hydrotalcite-lilce structure 

20 A 20 I stainless steel reaction vessel was charged with 5000 ml of demineralized water. After heating 
the water to 65*C there were added to it over a period of 1 hour and with stining a solution of 2,5 moles of 
A!(NO,), • 9H,0 and 7JS moles of Mg(NO,)» • BHjO in 5000 mi of demineralized water and a 50 wL% 
solution of sodium hydroxide in water, the latter solution in such a quantity as to ensure that a reaction 
mixture pH of about 10 was obtained. The resulting reaction mixture was aged for one hour at es^'C. 

25 Subsequently, the precipitate was filtered and washed with demineralized water. After drying at 120*-125"C 
the product was subjected to chemical and X-nay analysis which confinmed the hydrotaldte-like structure 
(abbreviated: HT-NOs). 

The conesponding sulphate (HT-SO*) was prepared in the same way as described for HT-NO,. except that 
- the reaction vessel was initially charged with 3000 ml of demineralized water instead of 5000 ml; 
30 - the solution containing magnesium nitrate and aluminium nitrate was replaced with the following two 
solutions: i) a solution of 20 moies of MgSO* • 7HJ0 in 7000 ml of demineralized water, and 11) 1560 ml of a 
solution in demineralized water of sodium aiuminate containing 6.66 moles of said aluminate calculated as 
NaAIO,. 

[AUj(0H)8]aC0j (abbreviated: HT-AILi) was prepared in the same way as described for HT-NOa. except that 
35 i) the amount of the aluminium nitrate used was 2 moies instead of 2.5 moles and 11) the magnesium nitrate 
was replaced with 1 mole of LINO,. 

The structures of both HT-SO4 and HT-AIU were confinned by chemical and X-ray analysis. 



40 Preparation of a day having a hydrocalumrte structure 

A 10 I stainless steel reaction vessel was charged with 1500 mi of demineralized water. The water was 
heated to 65'C, after which there were added to It over a period of 30 minutes and with stining a solution of 
1.0 mole of Ca(NO,), • 4H,0 and 0.5 moles of AI(NO,), • 6H,0 in 1000 mi of demineralized water and such 
45 an amount of a 50 wt% NaOH solution in water as to result in a pH of 10 in the reaction mixture. The 
resulting reaction mixture was stinted for another 15 hrs at 65'C. Subsequently, the precipitate was fitered 
off, washed with demineralized water and. finally, dried at las^C. The product obtained (HC) had the 
hydrocalumite structure, as was confinned by X-ray and chemical analysis. 



50 



Preparation of a clay having an ettringrte structure 



A 20 I stainless steel reaction vessel was diarged with a mixture of 800 g of crushed ice (made from 
demineralized water) and 1200 ml of demineralized water. Over a period of one hour there were added to it, 
55 with stirring, a solution of 2 moles of AI(NO^ • 6 H,0 and 6 moles of Ca(NOj)j « 4 H,0 in 2000 ml of 
demineralized water, a solution of 3 moles of Na^O* in 2000 ml of demineralized water and such an 
amount of an aqueous solution of 50 wL% NaOH as to result in a pH of 10 in the reaction mbcture. After the 
addition of tiie various ingredients tiie temperature of ttie reaction mixture was about 25*^0. At this 
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temperature stirring was continued for another hour. 

Subsequently, the resulting precipitate was filtered off, washed with demineralized water and. finally, 
dried for 4 hrs at 120*0. The product obtained (ET) displayed the ettringite structure, as was verified by X- 
ray and chemical analysis. 



Example 2 



to 
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Preparation of catalyst compositions (physical mixtures) 

Use being made of the days HT-SO4, IfWUU. HC and ET described in Example 1, four catalyst 
compositions according to the invention were prepared consisting of: 

a) 95 wL% of KMC-25P, a standard FCC catalyst (ex Ketjen Catalysts. The Netherlands) containing 5 
ppm of platinum oxidation promotor and tiaving the following particle size distribution: 



Jim 


< 20 


< 40 


< 80 


< 105 


< 149 


% 


< 4 


19 


66 


89 


98 



25 



b) 5 wt% of ftuidizable particles consisting of 60 wt% of the anionic clay and 40 wt.% of a matrix in 
which the clay was embedded, said matrix consisting of 75 wL% of kaolin clay and 25 wt% of alumina 
derived from aluminium chlorohydrol. the particle size distribution of said fluidizable particles being as 
follows: 
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The preparation of the fluidizable anionic clay-containing particles b) was canied out employing 
conventional techniques and involved 

- preparing an aqueous slunry containing tiie anionic clay, ttie kaolin clay and ttie aluminium chlorohydrol in 
tiie desired proportions; 

« milling tiie siuny; 

- spray drying tiie milled slurry; and ^ 

- calcining tiie spray dried particles for about 2 hrs at 600 •'C, 

For testing purposes tiie resulting calcined particles were subjected to a heat treatment for 17 hrs at 
yes^'C in a fiuidized bed in tiie presence of 100% steam, tiius amulating a long stay in the regeneration 
zone of an FCC unit The same simulation treatment was applied to a batch of fresh KMC-25P catalyst. 
Subsequenfly. catalyst compositions were prepared by mixing appropriate amounte of steam-treated anionic 
clay-containing particles and steam-treated FCC catalyst particles. 



Test procedure 

The following test procedure was used to detemnine the sulphur oxides binding properties of tiie 
catalyst compositions. 

Eight (8) grams of a fluidizable catalyst composition were heated to 675**C in a fiuidized bed and contacted, 
over a multitude of cycles, successively with 

- a gas stream containing 0,2 vol.% of SOa. 1 vol.% of Oa and 98,8 voL% of N2 during 10 min; 
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• an air stream for 5 min; 

- a nitrogen stream for 5 min; 

- a hydrogen stream for 10 mm; and 

- a nitrogen stream for 5 min. 

The flow rate of each stream was 145 mi/min. 

The passage of air serves to Fiberate physically absorbed sulphur oxides from the test equipment the 
passage of nitrogen gas serves to prevent oxygen and hydrogen from being mixed in the test equipment 
and the hydrogen gas serves to liberate the catalyst composition from bound sul^^^^ 
The amount of sulphur oxides bound by the catalyst particles was detemiined indirectly by analysis of ttie 
SCVcontaining gas stream using comfentional titration techniques employing aqueous soiuhons of H,a and^ 
for back-titration purposes, aqueous solutions of NaOH. It was found that during the first few cycles the 
amount of sulphur oxides bound tended to fluctuate. However, after 3 cycles constant or slowly decreasm 
readings - depending on the nature of the sulphur oxides binding material used - were reproduably 
obtained. 

In the Tables below one or more of the following data are given: 

. % of SOx (sulphur oxides) bound after 5 cycles. i.e. the proportion of sulphur oxides bound by the a 

during the fifth cyde; ^ ^ ^ - 

- % of SOx bound after 30 or 120 cycles, i.e. the proportion of sulphur oxides bound by the catalyst dunng 
the 30^*^ or the 120*^ cycle; these data are of importance to assess the resistance to deactivation of the 
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1? 



after 5 cycles of gas streams are given in Table 1. each catalyst connposition tjeing denoted lay the anionic 
clay used In it (experiments 2-1 to 2-4). f=or comparative purposes the Tat)le also gives ttie test results 
obtained bv iust using the KMC-25P catalyst (experiment 2-5). 



Table 1 



Exp. 


Clay 


2-1 


HT-SO4 


2-2 


HT-AlLi 


2-3 


HC 


2-4 


ET 


2-5* 


none 



56 SOy bound after 5 cycles 



90 
58 
74 

72 
30 



* Comparative experiment: only KMC-25P was used. 
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60 



In the following Examples any reference to Example 2 means that the preparative and/or testing 
procedures employed were the same as those described in Example 2. except of course, for the 
differences as indicated. Further, the particle size distributions of the components making up the catalyst 
compositions described in Examples « and a viz. the components containing the catalytically active 
material and the components containing the sulphur oxides binding matBrial(s), were In the same ranges as 
those Qiven in Example 2 under a) and b), respectivety. 



55 



Example 3 

In this Example the sulphur oxides binding properties of a catalyst composition in accordance with the 
invention are compared with those of certain prior art materials and the unique relationship between anionic 
clay structure and sulphur oxides binding capacity is demonstrated. 
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The catalyst composition according to the invention (experiment 3-1) was the same as the one described in 
experiment 2-1 of Example 2. i.e. 
95 wL% of KM025P; 

5 wL% of fluidizable particles composed of BO wL% of HT-SO* and 40 wt% of a matrix in which the HT- 
s SO, was embedded, said matrix consisting of 75 wt% of icaoiin clay and 25 wt.% of aluminium 

chlorohydrohderived alumina. It should be noted that said HT-SOrcontaining particles contain Mg and Al 

originating from HT-SO* in amounts, calculated as the oxides, of 30 wt% of MgO and 13 wt% of AI2Q,. It 

should furttier be noted that the prior art advocates the use. as sulphur oxides-binding material, of. inter alia. 

Mg/UjOrspinel (see EP-A 0 045 170), MgO (see for example US 4 153 535) and particulate gamma alumina 
70 (see for example US 4 115 251). For comparative purposes, therefore, catalyst compositions containing 

such prior art materials were prepared, use being made of procedures analogous to tiiose described in 

Example 2. 

For experiment 3-2 tiie following composition was used. 
95 wt% of KMC-25P; 

15 5 wL% of fluidizable particles consisting of 43 wL% of MgAIA-spinel and 57 wt% of a matrix in which ttie 
spinel was embedded, said matrix consisting of 82,5 wt% of Icaoiin clay and 17,5 wL% of aluminium 
chlorohydrol-derived alumina. 
For experiment 3-3 tiie following composition was used. 
95 wt.% of KMO*25P; 

20 5 wt% of fluidizable particles consisting of 30 wt.% of particulate MgO, 

13 wL% of particulate gamma alumina and 57 wL% of a matrix in which said MgO and said gamma alumina 
were embedded, said matrix consisting of 82,5 wt% of kaolin clay and 17,5 wL% of aluminium 

chlorohydrol-derived alumina. 

The catalyst compositions in question were subjected to tiie test procedure described in Example 2. 

25 The results are listed in Jsb\e 2 below. 



Table 2 

30 



Exp. 


Clay/Additive 


% SOx bound after 


5 cycles 


30 cycles 


3-1 


HT-SO4 


90 


72 


3-2* 


MgAl204-spinel 


37 


_+ 


3-3* 


MgO + ganrnia A1203 


• 75 


43 



* Comparative experiments 
+ Not measured 



so Example 4 

Table 3 below lists tiie results of experiments carried out using tiie procedures described in Example 2 
and employing catalyst compositions similar to the one used in experiment 2-1. except that tiie anionic clay 
used therein - HT-SO* having a MgAl atomic ratio of 3:1 - was replaced witii hydrotalcite-like clays having 
55 different Mg-JM atomic ratios. In experiment 4-1 tiie clay used had a MgAI atomic ratio of 1,5:1 and in 
experiment 4-2 ttie clay used had a Mg-M atomic ratio of 4,4:1. Botti clays were prepared as outiined in 
Example 1 for HT-SO*. except tiiat appropriate amounts of magnesium sulphate and sodium aluminate were 
employed. 



Table 3 
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Exp. 


Clay; Mg:Al 


% SOx bound after 5 cycles 


10 










4-1 


HT-SO4; 1.5:1 


84 




4-2 


HT-SO4; 4,4:1 


87 



75 



Example 5 

Table 4 below, third column, Bsts the results of experiments earned out using the procedures described 
20 in Example 2 and employing catalyst compositions similar to the one used in experiment 2-1 . except Siat I) 
the standard catalyst KMC-25P was replaced with KMC-25 (ex. Keflen Catalysts, The Netheriands) which 
only differs from KMC-2SP in that it contains no platinum promoter; and ii) the anionic clay - HT-SO* having 
an K/P*:N3* atomic ratio of 3 - was replaced in experiments 5-1 to 5-7 with some other hydrotalcite-lilce clay 
also having an M^'^rN^^ atomic ratio of 3 and having the characteristic as set out below. 
25 In experiment 5-1 use was made of HT-NOa, the preparation of which is described In Example 1. ^ 
in experiments 5-2 to 5-7 use was made of days similar to HT-NOa, except that in ttiese clays the Mg2 or 
AI3* ions had been, partly replaced with other divalent or trivalent ions. The synthesis of these days was 
canied out using the procedure set out in Example 1 for HT-NOj, except that part of the magnesium nitrate 
or aluminium nitrate was replaced with an appropriate amount of the nitrate salt of the replacement ion 
30 envisaged. In Table 4 the replacement ions used are mentioned along with the amounts • calculated as 
metal oxide - in which they are contained in the resulting clay in wt%. 

In comparative experiment 5-8 use made of a catalyst compo^on similar to the one employed in 
experiments 5-1 to 5-7, except that the anionic day had been replaced wHh a magnesium, aluminium- 
containing spinel which further contained 7 wt.% of cerium, calculated as COtO, and based on said cerium- 
35 containing spinel, in accordance with EP-A 0 110 702. In comparative experiment 5-9 use was made of the 
standard FCC particles only. 

The object of these experiments was to investigate whetiier. and If so. to what degree tiie replacement Ions 
in question, which ions had been selected on the basis of tiieir Icnown redox capabilities, are capable of 
oxidizing the SO, into SO, and hence to as^st in Wnding the sulphur oxides. As follows from the results in 
40 tiie ttiird column of Table 4, tiie most favourable results were obtained witti cerium (exp. 5-7). It further 
follows from a comparison fcietween the experiments 5-1 and 5-8 that even tiie HT-NOrcontaining catalyst 
composition displayed far better properties tiian tiie composition according to EP-A 0 110 702 containing a 
cerium-promoted spinel. 

The oxidation effidency of several of the replacement ions in question was further assessed by substituting 
45 ttie platinum-promoted KMC-25P catalyst in ttie respective catalyst compositions for tiie KMC-25 catalyst 
The test results are given in tiie fourth column of Table 4. 
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Table 4 
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Exp. 



Clay (replacement Ion) (wt.SS) 



HT-NO3 
HT-NO3 (Cu2+; 
HT-NO3 (Fe2+; 
HT-NO3 (Fe3+' 
HT-NO3 (Cr3+; 
HT-NO3 (Mn2+; 
HT-NO3 (Ce3+; 
Mg, Al -spine' 
none 



6.4 as CuO) 
;8,6 as Fe203) 
5,6 as Fe203) 
2,6 as CrgOs) 
10,8 as MnO) 

6.5 as Ce203) 
Ce3*) (7 as CeaOs) 



% SOx bound after 5 cycles 
using as catalyst 


KMC-25 


ICMC-25P 


50 


90 


50 


71 


66 


78 


65 


_+ 


60 


_+ 


70 




93 


93 


23 


_+ 


11 


30 



* 

irk 
+ 



Comparative run in accordance with EP-A 0 110 702 
Comparative runs; only KMC-25 or KMC-25P was used 
Mot measured 



so 



Example 6 

Catalyst compositions similar to the one used in experiment 2-1 of Example 2 were prepared, except 
that i) they contained the KMC-25P catalyst In an amount of 90 wt.% and the fluldizable HT-SO*-containlng 
particles In an amount of 10 wt% and 11) said fluldizable HT-SOr containing particles had been provided 
with rare earth metal oxides by subjecting the HT-SOrcontaining particles, after spray drying and 
calcination (cf. Example 2). to a standard impregnation step employing aqueous solutions of rare earth 
metal salts followed by a second calcination step (600''C, 2 hrs). 

The rare earth metal salts used are given in Table 5. together with their amounts in wt% based on the 
impregnated particles and calculated as REA. The sulphur oxides binding properties were determined in 
accordance with ttie test procedure described in Example 2. The results after 120 cycles of gas streams are 
listed in Table 5. The Table also contains the results obtained with a catalyst composition containing 90 
wt.% of KMC-25P and 10 wt% of HT-SO^-containing fiuidizable particles which had not been provided with 
rare earth metal oxide (experiment 6-1) and, for comparative purposes, the results obtained by just using 
the KMC-25P catalyst (experiment 6-7). 
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Table 5 



Exp. 



Clay impregnated with 



5-1 


no Impregnation 


6-2 


Ce(N03)3 • 6H2O 


6-3 


La(N03}3 • 6H2O 


6-4 


mixture A* 


6-5 


mixture A* 


6.6 


mixture B** 


6-7+ 





Wt.« RE2O3 

0 
7 
7 
7 
2 
7 



% SOx bound after 120 cycles 



55 
89 
58 
84 
61 
86 
15 



* Mixture A; LaCls. 53 wt.«; CeCls, 18 vit.%; PrCl3, 10 wt.%; NdCls. 

18 wt.56 

** Mixture B: La(N03)3, 13 wt.«; Ce(N03)3, 72 vt.%; Pr(N03)3, Iwt.X; 

Nd(N03)3, 14 wt.« 
+ Comparative experiment, only KMC-25P was used 



Example 7 

Employing conventional procedures a fluidizable catalyst composition according to the invention was 
* prepared which contained 10 wt% of cerium impregnated fluidizable HT-SOi-containing particles as 
described for experiment 6-2 in Bcample 6, 20 virt.% of an ultrastable Y zeolite and 70 wt.% of a matrix in 
which said particles and said zeolite were embedded, said matrix consisting of 85 wL% of kaolin day and 
15 wt% of aluminium chlorohydroklerived alumina. After spray drying and calcination the catalyst 
composition displayed ihe following particle size distribution: 
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Use being made of conventional techniques, the particles were subsequently impregnated witti an 
aqueous solution of chloroplatinic acid. After drying and calcining the resulting particles contained 5 ppm of 
platinum with respect to the final particles and calculated as elemental platinum. 
Rnally, the catalyst was subjected to the heat treatment in the presence of steam and to the test procedure 
as outiined in Example 2. During the 5tii cycle of gas streams ttie catalyst had absorbed 61 % of tiie sulphur 
oxides. 



13 



0 278 535 



Example 8 

This Example describes test results obtained in a circulating fluid bed catalytic cracking pilot plant In 

such a plant the catalyst particles are contacted with a hydrocarbon feed in a reaction zone under cracking 
5 conditions. Owing to coke deposition the catalyst particles gradually become deactivated. Subsequently, the 

catalyst particles are removed from the reaction zone and introduced into a stripping zone where they are ^ 

freed from volatile components. From the stripping zone the particles are passed to a regeneration zone for * 

combustion of the coke with an oxygen-containing gas. Finally, the resulting, regenerated catalyst particles ? 

are fed back to the reaction zone. 
10 When use is made of a sulphur-containing feed the coke combustion is attended vrith the formation of 

sulphur oxides. In general, and depending on the nature of the catalyst used, part of the sulphur oxides is 

bound to the catalyst particles, and Is consequently fed back to the reaction zone, and the remaining part is 

emitted from the regeneration zone along with the flue gas. 

The experiment was carried out using the following conditions and feedstock. 
75 Reactor temperature : 545'C (inlet) - 520^*0 (outlet) 

Stripper temperature : about 500"C 

Regenerator temperature : about 700*^6 

Feed rate : about 12 g/min 

Catalyst to oil ratio : about 6 
20 Vol.% Oz in regenerator : about 3 

Stripper steam : about 0,25 g/rrun 

Pressure : about 1 atmosphere 

Feed preheat temperature : about 275 "C 

Reaction time : about 10 sec 
25 Stripping time : about 10 min 

Regeneration time : about 30 min 

Feedstock : Kuwait V60 
S-content : 2,9 wt% 
Density : 940 kg/m^ 
30 Conradson Caiten Residue: 0.63 wL% 
initial bdiing point : STD^'C 
Fmai boiling point : 562''C 

Hie e9q)eriment was started utilizing a commercially available standard FCC catalyst consisting of an 
ultrastable Y zeolite embedded in a siiica-alumina matrix having a low alumina content, which catalyst had 
35 previously been hydrothermally deactivated to the activity level prevailing during normal commercial FCC 
operation. Analysis of the flue gas from the regenerator under steady state operating conditions revealed 
that it contained about 0,12 vol.% of sulphur oxides. 

Subsequently, a fluidizabie, anionic clay-containing additive was added to the catalyst inventory in an 
amount of 10 wt%, based on said inventory. The additive concerned was similar to that described for 

40 experiment 6-2 in Example 6, viz. cerium-promoted HT-SO^-containing particles containing 7 wt.% of CeaOa, 
56 wt% of HT-SO4 and 37 wt% of matrix material, except that it had been subjected to different steam 
deactivation conditions, viz. 100% steam for 5 hrs at 760'*C (instead of 100% steam for 17 hrs at 795»C). 
After again reaching steady state operating conditions the emission of sulphur oxides had been dramatically 
reduced, the flue gas from the regenerator now only containing about 0,03 voi.% of sulphur oxides, viz. a 

45 reduction of about 75%. Moreover, after 5 days of continued operation the flue gas still contained only 0,03 
vol.% of sulphur oxides. 

Rnally, it was observed that the use during cracking operations of anionic clays in accordance with the - 
invention has no negative influence on product yields and selectivitles. 

so 

Claims 

1 . A catalyst composition for converting hydrocarbons, whidi composition contains a catalytically active 
material, a sulphur oxides binding material and a matrix material, characterized in that the sulphur oxides 

55 binding material contains an anionic clay. 

2. A catalyst composition according to claim 1, characterized in that the anionic clay has a crystalline 
structure of the pyroaurvte-sjogrenite-hydrotalcite group, the hydrocaiumite group or the ettringite group. 
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3. A catalyst composition according to claim 1 or 2. characterized in that the anionic clay has a 
composition which con^ponds to the general fonmula 

[Wf N^" (0H)2n, + 2n] l^y^' "20 

wherein M^* and N3* represent di-and trivalent cations, respectively, m and n have a value such that m/n 
= 1 to 6 and a has the value 1. 2 or 3. and A represents a mono-, di-or trivalent anion and b has a value in 

the range of from 0 to 10. 

4. A catalyst composition according to claim 3. characterized in that m/n - 2 to 4. 

5. A catalyst composition according to claim 3 or 4. characterized in that M represents one or more 
metals selected from the group consisting of Ca and Mg. and N represents AI or Al in combination with La 
and/or Ce. 

6. A catalyst composition according to any one of the claims 3 to S.jHiaracterlzed in that^A represents 
one or more anions selected from the group consisting of C0|" , NOj , SO4 and OH . 

7. A catalyst composition according to any one of the preceding claims, characterized in that the 

anionic clay has been heat treated. 

8. A catalyst composition acconiing to any one of the preceding claims, characterized in that the 
sulphur oxides binding material contains one or more rare earth metals or compounds thereof in an amount 
of 0,05 to 25 per cent by weight calculated as the total amount of rare earth metal{s) based on the anionic 
day. 

9. A catalyst composition according to any one of the preceding claims, characterized in that the 
catalytically active material contains a zeolitically crystalline alumino silicate. 

10. A catalyst composition according to any one of the preceding claims, characterized in that the 
matrix material consists of silica, silica-alumina or alumina. 

11. A catalyst compoation according to any one of the preceding claims, characterized in that the 
catalyst composition additionally contains an oxidation promoter. 

12. A catalyst composition according to claim 11, characterized in that the oxidation promoter Is 
selected from the group consisting of palladium, platinum and compounds thereof. 

13. A catalyst composition according to any one of the preceding claims, characterized in that the 
catalytically active material and the sulphur oxides binding material are collectively present in the matrix 
material. 

14. A catalyst composition according to any one of the claims 1 to 12. characterized in that the 
catalytically active material is physically separated from the sulphur oxides tending material by composing 
the catalyst of: 

a) catalytically active particles comprising the zeolitically crystalline alumino silicate embedded in 
matrix material; 

b) particles of sulphur oxides binding material comprising the anionic clay embedded or not in matrix 
material. 

15. A catalyst composition according to claim 14, characterized In that the particles of sulphur oxides 
binding material comprise 1 to 99 per cent by weight of anionic clay, 0 to 70 per cent by weight of non- 
anionic clay, and 1 to 99 per cent by weight of matrix material. 

16. A catalyst composition according to any one of the preceding claims, characterized in that the 
catalyst composition is fluidizable. 

17. An absort^ent for treating a sulphur oxide(s)-containing gas, characterized in that the absortjent has 
the composition of the sulphur oxides binding material as defined in claim 15. 

18. A process of cracking a sulphur-containing hydnx»rbon feedstock in the presence of a catalyst 

composition according to claim 16. 

19. Use of an absorbent according to claim 17 for treating a gas which contains SO2, SO3 or a mixture 

thereof. 
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